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2q DSCOVR mission was launched on 
February 11, 2015 to the Sun-Earth 
Lagrangian L1 point
Øto monitor solar weather to provide early warning of solar 
storms affecting airline, electric power and GPS industries.  
NOAA instruments: Solar Wind Plasma Sensor, Magnetometer
ØNASA Earth-Observing Instruments: (a) Earth Polychromatic 
Imaging Camera (EPIC) and (b) National Institute of Standards 
and Technology (NIST) Advanced Radiometer (NISTAR)
q EPIC measures Earth’s reflected 
radiation at 10 UV to NIR spectral bands 
q Temporal resolution: 65 to 110 min
q Spatial resolution: 18 km at nadir
DEEP SPACE CLIMATE OBSERVATORY (DSCOVR)
From http://www.nesdis.noaa.gov/DSCOVR/mission.html
L1
From Thomas Hilker, Forrest G. Hall, Compton J. Tucker, 2011 AGU Fall Mtg
EPIC Channels and Primary Application
DEEP SPACE CLIMATE OBSERVATORY (DSCOVR)
From http://www.nesdis.noaa.gov/DSCOVR/mission.html
From Thomas Hilker, Forrest G. Hall, Compton J. Tucker, 2011 AGU Fall Mtghttps://eosweb.larc.nasa.gov/project/dscovr/dscovr_table
Moon Crossing Face of Earth, August 5, 2015 Jupiter and its  Moons, June-2019 EPIC Captures Solar Eclipse, March 11, 2016
All DSCOVR EPIC products are publicly available from the NASA Langley 
Atmospheric Science Data Center (ASDC)
SEP-23-2015LEVEL 1B DATA
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OBSERVATIONS FROM A DISTANT POINT: FEATURES
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Ø The phase angle is constant at every 
image point and coincides with the 
Sun-Earth-Vehicle (SEV) angle
Ø The SEV depends on the DSCOVR 
satellite position on the Lissajous
orbit around L1 point 
Ø The DSCOVR EPIC reflectances are 
free of sun-sensor bidirectional 
effects 
to	Sun
to	sensor
phase	angle=SEV
Ø Sun-orbiting DSCOVR EPIC provides 
reflectance of the sunlit Earth from 
sunrise to sunset 
Ø Unlike Sun-Orbiting-EPIC, sensors on 
the Earth-Orbiting-Satellites sample 
reflectance over swaths at a specific 
Local Solar Time (LST) or over a fixed 
area
~10:30 ~13:30 
noon
Terra MODIS
10:30 LST
Aqua MODIS
13:30 LST
DSCOVR EPIC
sunrise to sunset
Intrinsic sampling limits of EOS sensors can 
result in an apparent Earth’s reflectivity
Vegetation HOT SPOT effect: a sharp  
increase in reflectance when scattering 
direction approaches direction to Sun 
ØThe most information-rich observation 
directions
o sunlit and shaded leaves
ofoliage size and shape
owithin-crown foliage arrangement
o leaf physiology 
ØFrequent observations of every region 
of the Earth in hot spot directions that 
the existing Earth Orbiting Satellites 
do not have
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5EPIC ozone and Lambert Equivalent 
Reflectivity retrievals, Jey Herman, 
University of Maryland, College Park
EPIC Volcanic Sulfur Dioxide (SO2), 
Nikolay Korotkov, NASA GSFC
EPIC UV aerosol products, Omar Torez, 
NASA GSFC
EPIC cloud product, Yuekui Yang, 
NASA GSFC 
EPIC Atmospheric correction suite, 
Alexei Lyapustin, NASA GSFC
EPIC vegetation product, Yuri 
Knyazikhin, Boston University
Global Total Ozone and Volcanic Sulfur 
Dioxide,  Kai Yang, University of 
Maryland at College Park
All DSCOVR EPIC products are 
publicly available from the NASA 
Langley Atmospheric Science Data 
Center (ASDC)
DSCOVR EPIC LEVEL 2 DATA PRODUCTS
https://eosweb.larc.nasa.gov/project/dscovr/dscovr_table
Marshak et al., (2018). Earth observations from DSCOVR EPIC instrument. 
Bulletin of the American Meteorological Society, 99, 1829-1850
SLAI
NDVI FPAR
Fraction of Photosynthetically Active Radiation (400 –
700nm, FPAR) absorbed by vegetation
DSCOVR_EPIC_L2_VESDR_01
EPIC VEGETATION EARTH 
SYSTEM DATA RECORD 
(VESDR)
DASF
August-23, 2016
LAI, SLAI and FPAR are key
state parameters in most
ecosystem productivity models
and carbon/nitrogen cycle.
DASF provides information
critical to accounting for
structural contributions to
measurements of leaf bio-
chemistry from remote sensing.
Spatial resolution: 10 km SIN grid
Temporal resolution: 65-110 min
Temporal coverage: 6/13/15-current
Version: 01
Maturity level: provisional
File format: HDF5
Normalized Difference Vegetation Index (NDVI): difference
between Bidirectional Reflectance Factor (BRF) at 779.5
nm and 680 nm normalized by their sum
Sunlit Leaf Area Index (SLAI): leaf area illuminated by the
direct solar beam per unit ground area
Directional Area Scattering Function (DASF): canopy BRF
if the foliage does not absorb radiation
Pattern does not 
change much 
during a day
Pattern does not 
change much 
during a day
Strong variation 
during a day
Strong variation 
during a day
GREEN FOREST IN NIR
From Andrew Shurtleff, Movements in Red: An Infrared Timelapse movie,  http://vimeo.com/58232705 
720 nm
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Directional Area Scattering Factor (DASF): BRF of the canopy with non-reflecting
boundary AND the foliage does not absorb radiation
Ø structural variable
Ø approximates the fraction of leaf area that is visible from outside the canopy
along a given direction
Ø retrievable from the BRF spectrum in [551nm]U[710,790nm]
GREEN FOREST IN NIR
From Andrew Shurtleff, Movements in Red: An Infrared Timelapse movie,  http://vimeo.com/58232705 
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720 nm
Directional Area Scattering Factor (DASF): BRF of the canopy with non-reflecting
boundary AND the foliage does not absorb radiation
Ø structural variable
Ø approximates the fraction of leaf area that is visible from outside the canopy
along a given direction
Ø retrievable from the BRF spectrum in [551nm]U[710,790nm]
9needle	leaf broadleaf
Ollinger, S.V. et al. (2008). Canopy nitrogen, carbon assimilation, and albedo in temperate and boreal forests: Functional relations 
and potential climate feedbacks. Proc.  Natl. Acad. of Sci., 105, 19336-19341.
Knyazikhin, Y. et al. (2013). Hyperspectral remote sensing of foliar nitrogen content. Proc.  Natl. Acad. of Sci, 110, E185-E192
Ø Spurious correlation: canopy structure, NOT nitrogen, explains the
observed correlation
Ø When the BRF data are corrected for the canopy structure effects,
the residual variations are negatively related to nitrogen
Ø DASF provides information critical to accounting for structural
contributions to measurements of leaf biochemistry from remote
sensing
REMOTE SENSING OF LEAF BIOCHEMISTRY
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Solar Zenith Angle DASF SLAI
Scattering coefficient, W=DRF/DASF, is weakly sensitive to
sun-sensor geometry
443 nm (blue) 680 nm (red) 780nm (NIR)551 nm (green)
SCATTERING COEFFICIENT: BRF/DASF
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ANCILLARY SCIENCE DATA PRODUCTS
Distribution of land cover types within 10 km EPIC pixel 
Derived  from 
500 m MODIS 
Land Cover 
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Ø The VESDR product was released at provisional quality level
q limited comparisons with independent sources have been made and obvious
artifacts fixed
q parameter can be used in publications as long as provisional quality is indicated
q incremental improvements are still occurring,
q validation and quality assessment are ongoing,
q may be replaced in the archive when an upgraded product becomes available
Ø Test for the consistency of EPIC LAI with the MODIS C6 product underlay our decision to
release the VESDR product at provisional maturity level
Provisional EPIC LAI for Biomes 1 to 7 agree with the MODIS LAI product
to about 0.2-0.4 LAI units. EPIC LAI over Biome 8 (Deciduous needle leaf
forests) significantly underestimates MODIS LAI.
y = 1.03x - 0.15
R² = 0.98
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PROVISIONAL MATURITY LEVEL
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ISSUES
Unstable retrievals for SZA>55o
o geolocation errors
o sphericity of the atmosphere is not accounted in the MAIAC algorithm
Geolocation errors:
border between 
two contrasting 
biomes: B5 and 
B2/B4 
Amazonian 
rainforests
R2=0.66
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R2=0.71
R2=0.31 R2=0.51
R2=0.63
LEAF AREA INDEX – COMPARISON WITH C6 MODIS (AUG 2016)
R2=0.74
10 km EPIC 
Land Cover 
Map
OBTAINING NEW INFORMATION ON CANOPY STRUCTURE FROM VESDR
Clumping index (CI)
Knyazikhin, Y., Song, W., Yang, B., Park, T., Myneni, R. 
DSCOVR EPIC Vegetation Earth System Data Record: 
Science Data Product Guide, NASA Langley ASDC, 
DOI:10.5067/EPIC/DSCOVR/L2_VESDR.001,2018
Pisek, J. Clumping Index: Its Importance and Linkage 
to DSCOVR EPIC, DSCOVR EPIC and NISTAR Science 
Team Meeting, NASA GSFC, September 17-18, 2018, 
(https://avdc.gsfc.nasa.gov/pub/DSCOVR/Science_T
eam_Presentations_Sept_2018)
𝝌𝐜𝐚𝐧𝐨𝐩𝐲 = 𝐒𝐋𝐀𝐈	𝐋𝐀𝐈 = 𝟏 − 𝒕𝟎|𝐥𝐧	𝒕𝟎| 
Canopy scale
Incident photons
Leaf scale𝝌𝐥𝐞𝐚𝐟 = 𝐀𝐫𝐞𝐚	𝐭𝐡𝐚𝐭	𝐢𝐧𝐭𝐞𝐫𝐜𝐞𝐩𝐭𝐬	𝐓𝐨𝐭𝐚𝐥	𝐚𝐫𝐞𝐚  
Foliage envelope projection 
onto the ground, m2m-2
!" = $|&'	)(+)|-./(012)32"  
𝑭𝑽𝑪 = 𝟏 − 𝒕𝒏𝒂𝒅𝒊𝒓 = 𝟏 − 𝒕𝟎𝒄𝒐𝒔	(𝑺𝒁𝑨)  
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LAI SLAI SLAI/LAI t0 Clumping IndexFVC
Fractional Vegetation Cover (FVC)
16
SUMMARY
Ø Deep Space Climate Observatory (DSCOVR) mission is a joint venture between 
NOAA, NASA and U.S. Air Force
Ø DSCOVR was launched on 11 Feb 2015 and arrived at the first Lagrangian point 
on 13 June 2015 and has been in a Lissajous orbit providing measurements since 
then
Ø DSCOVR mission hosts NASA Earth-facing science instrument – the Earth 
Polychromatic Imaging Camera (EPIC) 
Ø DSCOVER EPIC team is responsible for development and validation of 
algorithms for producing a series of products
Ø The EPIC product suite includes Vegetation Earth System Data Record that 
provides LAI and diurnal courses of NDVI, SLAI, FPAR and DASF 
Ø The VESDR product has been released at provisional maturity level on June 7, 
2018 and publicly available from the NASA Langley Atmospheric Science Data 
Center (ASDC)
o unstable retrievals for SZA>55o
o significantly underestimates MODIS LAI over deciduous needle leaf forests
o issues are traced to geolocation errors and ignoring sphericity of the atmosphere
Ø EPIC and NISTAR successfully passed the ‘End of Prime Mission’ review (July 
24, 2018): provide funding for continued operations and data analysis for EPIC 
and NISTAR through FY2020, and possibly beyond 
Ø EPIC team successfully went through re-competition process with a new 
funding cycle beginning May-2019
